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Respectfully submitted, 

WALTER LUM ASSOCIATES, INC. 

By 
Wallace Wakahiro 

SHL/WW:ms 



SCOPE OF EXPLORATION • 

FIELD EXPLORATION 

· LABORATORY TESTS • 

SOIL CLASSIFICATION SYSTEM 

. . . 

GEOLOGIC AND SOIL CLASSIFICAl'IONS BY OTHERS 

GENERAL SITE CONDITIONS 

INTERPRETATION OF SOIL CONDITIONS • • • • • 

DISCUSSION AND RECOMMENDATIONS • • • . . 

APPENDICES: 

A. LOGS OF BORINGS - Boring Nos. 1 thru 7 

B. SUMMARY OF LABORl\.TORY T:I!:ST JUtS tiLTS - Tables IA thru ID 

G. PLASTICITY CHART 

D. MOISTURE-DENSITY CURVES 

E. CBR TESTS 

F. BORING LOCATION SKETCH 

G. LI_MITATIONS 

1 

1 

2 

2 

2 

3 

4 

4 



MAKAKILO DRIVE PHASE 4 
(Sta. 81+98 to Sta. 102+30) 
SOIL EXPLORATION REPORT 

MAKAKILO, EWA, OAHU, a,AWAII 
TAX � �Y: 9-2-03: 48 

SCOPE OF EXPLORATION 

The purpose of this exploration was to evaluate general soil conditions 

for roadway pavement design thickness consideration fol:' tbe proposed 

Makakilo Drive Phase 4 from Sta. 81+98 to Sta. 102+30 at Makakil.o, Ewa, 

Oahu, Hawai:j.. 

This repo'J:'t :j.ncludes field explorations, laboratory tests, general 

reconnnendations for site grading and :toaciway pavement thickness design 

and limitations. 

FIELO.EXPLO:RATION 

Seven exploratory borings were made at the site at the approximate locations 

shown on the BoriQ.g Location S�etch. Descriptions of the underlying soils 

encountered are. shown on the boring logs. 

Bor:ings wete made with 4""'in. diameter augers using finger type bits. Soil 

samples were recovered with a standard split spoon sampler driven with a 

140""'lb hammer falling 30 inches. 

Bulk samples were taken from cuttings from a 14-in. diameter auger. 



LABORATORY TESTS 

.Laboratory tests included: natural water content, Atterberg limit, specific 

gravity, AASHO T-180-73I density and CBR. 

A. summary of the laboratory test results is given in Tables IA thru I1>. · 

SOIL GL.!\SSIFICATION SYSTEM 

Soil samples were visually observed ail.d subjected to appt"optiate tests 

in the laboratory. Based on visual observations and laboratory tests, 

the soi.l d�scriptions given on the boring logs are generally made in 

accordance with the "Unified Soil Classificatiot1 System." 

GEOLOGIC AND SOIL CLASSIFICATIONS BY OTHERS 

From a review of geologic literature and the u. S. So:i_l Conserv.at:i.on Service 

maps of the area, the soils are generally described by others as follows: 

Stearns, H. T. and tJ. S. Geological Survey, "Geologic and 

Topographic Map, Island of Oahu, USGS 1938": 

Twb: Waianae volcanic series 

U. S. Soil Conservation Service, "Soil· Survey of Is.lands of 

Kauai, Oahu, Maui, Molokai and Lanai, State of Hawaii," 

August 1972: 

rSY: stony steep land 
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GENERAL SITE CONDITIONS 

Makakilo Drive Phase 4 extends from the Panana Street intersection and 

follows the ex:ist:ing 12-ft wide reservoir access road up to the upper 

reservoir. 

The proposed roadway is an extension of Makakilo Drive and is geQ.erally 

situated along the. ridge between Makakilo Gulch on the east and Awanui 

Gulch on the west. 

The proposed road slopes upward toward the north along the existing 

access road at about 8 to 10% gradients. The ground sl,.opes do� towards 

the east and west sides of the ridge at about 10 to 50% gradients • 

. A drainageway was located west of the existing road near the lower 1/3 

of the proposed roadway with a catch basin at the lower end. 

Along tl:te east side of the lower portion of the existing road, an eroded 

gully about 1 to 2 ft deep and about 1 to 2 ft wide was noted. Near one 

of the water manholes, erosion around the manhole undermined part' of the 

road pavement. Er.oded gullies were. noted along the sides of· the existing 

road at several .other places. 

A rock and boulder stockpile was located east of the existing access ro�d 

on the uppet end of the proposed roadway. 

The westerQ. part of the site is generally covered with weeds. 
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INTERPRETATION OF SOIL CONDITIONS 

From the field exploration and laboratory test results, the soils 

encountered in the borings may be generally approximated as follows: 

A layer of about 2 to 9 ft of reddish-brown clayey silt 

·and.silty clay underlain by brown and gray clayey silt 

with decomposed rock to 16.5 ft, the maximum depth 

drilled. 

Water was not noted in the borings during the field e�ploration. 

Variations to the above soil conditions are to be expected in localized 

areas. For more detailed descriptions of soils en,countered in the 

borings, refer to the boring :Logs. 

D.ISCUSSION ANP RECOMMENDATIONS 

The proposed plan is to widen the existing reservoir access road from a 

l-2-ft road to a 60-ft road about 2,032 ft long. The proposed roadway will 

be an extension of the existing Makak:i,lo Ptive in the northerly direction. 

Fills of about 3 to 8 ft high on the drain,ageway between Sta. 85+00 and 

Sta. 87+00 a11d on (ln existing 3:1 slope east of the proposed road between 

Sta. 93+50 and Sta. 96+00 are planned. Fills in several other areas with. 

lesser depths are aiso plan11ed • 
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Cut:s of about 3 to 9 ft in height along the west side of the proposed 

road between Sta. 87+50 and Sta. 92+50 are planned. Cuts in other areas 

of less depth are also planned. 

"Site Grading 

Grading work should be done in accotdal).ce with th� requi:t.ements 

of the Revised Ordinances of Honolulu, 1969 As Amended, and as 

recommended below: 

' 

1. The area should be cleared and grubbed. Surface 

vegetation and miscellaneous debris should be 

cleared and removed prior to site filling. 

2. Topsoil, stockpiled, soils and loose deposits at 

the bottom of the drainageways should be stripped 

to s·tiff natural ground before placement of fills; 

loose surface soilS at finish grades should be 

scarified.and recompacted. 

3. Localized soft pocket$ ��coul).tered d�:ting site 

preparation should be excavated and replaced with 

select material co�pacted in thin lifts. 
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4. Because decomposed rocks, cobbles and boulders 

were encountered at shallow depths in some 

borings, boulders can be expected. If large 

quantities of boulders are encountered during 

the grading work, a disposal site for the 

boulders and a source of off-site borrow may 

have to be considered. 

5. Hard surfaces next to existing roads should 

be scarified down to stiff soil.and recomp�cted 

to match the density of the surrounding soil. 

6. Subdrains should be placed along the bottom 

· of natural drainageways with laterals in a 

herringbone pattern along the sides of the 

draiilag�ways before placing of fills. 

7. Thin s:i,cl.ehill fills (sliver fills) on sloping 

areas should be avoided. 

8. Fills should be constructed in approximately 

level layets starting at the lower end and 

working upward. 
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Where fills are made on sloping areas steeper 

than about 5 horizontal to 1 vertical, the 

ground at the toe of the fill should be benched 

to � generally level condition. As the fill is 

brought up, it should continually be keyed into 

stiff natural ground by cutting steps iil.tO the 

slopes and compacting the fill into these steps. 

9. In general, fills should be laid in 6-in. 

compacted layers to 90% of the ma�iinuin density 

detetm.JneQ. by the AASHO T-180-731 test method. 

Slopes 

lrt roadway areas, the top 2 ft of fill should 

be compacted to 95% of the maximum density. 

In general, cut and fill slopes of 2 horizontal to 1 vertical or 

flatter may be used in silty or s�ndy (MH, Mt, SM) soils. 

The soils at the sit¢ �ay be generally fairly erodable.. The 

slopes should be constructed by over filling and compacting the 

slope, then cutting back to the design slope prior to slope 

planting. 

To minimize erosion, the runoff from raiiJ.storms should be diverted 

away from slopes by berms or ditches wherever practicable. 
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Slope plantil)g is :r:ecommended on cut a.nd fill slopes to 

minimize erosion. 

Slope adjustments or other precautions may be necessary if 

seepage zones, expan$ive clay pockets or soft spots are 

enc6U:IJ.t�red :ln :t.ocl:!-lized areas. 

Roadway Pavement 

In.general,. based on the City_ and County of Honolulu Design 

Standard for flexible pavement for' light automobile traffic 

a1_1d drairied �;U:bgrade conditions, an estiml:!-te of the roadway 

pavement thickness is as follows: 

1. Wearing course - 2-in. asphaltic concrete. 

2. Base (!ourse - 6-in. base course. 

3. . Subbase course ""' 6-in. select borrow over a 

prepared s_ubgrade. 

4. Borrow - 0 in. except near Boring No. 3. 

Near Boring No. 3, a moderately expansive da.rk reddish...;brown silty 

clay was encountered at the approximate subgrade·level. Based on 

the t�st results, a borrow cou:�se of l2 i_n. should be used in this 

area. 

As an alternate, 8 in. of select borrow may be used as a substitute 

fot the 12 in. borrow i,n reddish-b:["own clayey soils. 
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Existing Acc:es
_
s Road 

The pavemen.t section of the existing resetvo.ir access road 

app��rs to be about 1-1/2-in. asphaltic �oncrete and 6 in. 

base course. Variation in. the pavement section should be 

expected. 'h).e pavement thickness in most areas will n.ot meet 

the·design standards of the City aild County of Honolulu. If 

such is the case, ov�rlay of the existing pavement may be 

c.onsi4e:ted. 

Some differential set.tlement between· the existing and the new 

pavement may be expected. Some niaintenance may be required at 

a .later. date. 

Another alternativ� to minimize the differential settlement· 

would be to remove the existing pavement a11d cc;mstruct the 

full width of the roadway as teconiinended. 

Field Adjustments 

Because of probable vari<:�.tions in soil conditions, provisions 

should b� made in the contract documents to allow for field 

adjustments regardiilg the select borrow subbase and borrow 

material requirements in accordance with the design standards 

of the City and County of Honolulu. In fill areas, the use of 

select soils within the top 2 to 3 ft of the su.bgtade way 

r�duce the thickness of or eliminate tQe n.eed for the select 

bori'OW subbase or bo.rrow courses. 
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The subgrade should be compacted and sh�ped to drain. To 

avoid the ponding of water and softening of the subgrade, 

weep holes should be placed at subgrac,ie :Levels thru the 

wal_l�;� of t.J:t� catch basins. 

Utilities 

Utilities should be placed after the fills ate constructed. 

Utility lines should be designed witl� flexible joints, 

patticul,arly where lines are connected to structures. 

Unforeseen Conditions 

Because of the variability of soil deposits, site improvements, 

·designs and construction techniques, conditions may be encountered 

that cannot be foreseen with even the most e�haustive stuc,iies of 

site and project conditions. These unforeseen conditions should 

be recognized when encount.ered and then evaluated so that the 

designs or tb.e construction 1Ilethods lllB.Y be modified accordingly, 

if necessary. 

Unforeseen or undetected conditions such as soft spots, ·existing 

utility trenches, structure foun<lation_s, voids or· cavities, 

boulders, expansive soil pockets or seepage water, etc., may 

occur in localized areas and will have to be adjusted and 

corrected in the field as they are detected. 
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Site E.egrading 

After mass grading work is done and c�ts �I1d fills are made 
' 

according to the gradii1g plans, regrading at some future 

date should be avoided unless done under the guidance of a 

soils. engineer. 

�.11-



'l;'he str�tification :Uf!es 
the app roximate boundary 
be gradual. 

�Yl:Ilbols 

BORING LOGS 

shown on each Of the boring logs rep resent 
betwe�n soil types and the transition may 

S)'lilbols used generally' are in accordance with the Unified Soil 
Classification System. 

Where a parenthesis "(MH)" is used, the soil sample was classified 
by visual observation of the sample recovered. 

Where no.parenthesis "MH" is used, the soil sample was classified 
from either the Atterberg limit or sieve analysis test results. 
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WALTER LUM ASSOCIA fES, INC. I 3.030 WA.IALA.E AVEI\IUE • HONOLULU, HAWAII 96816 • PHONE 737·7931 

Boring Log MAKAKILO DRIVE PHASE 4 l 
BORING NO. Sheet N.o. --- of _...,...,.. _ _  
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WALTER LUM ASSOCIATES, INC. I 303P WAIALAE AVENUE • HONOLULU, HAWAII 96816 • PHONE 737-7931 

Boring Log MAKAK_I.L_o· DRIVE PHA. sE 4 '2 
BORING NO. · Sheet No. of ----

PRQJECT�_.,_:( _ S _t _a_. _8 _1_+_9_8_t_o_S_ t_ a_._l_ 0_2_+_3_0..;..) __ ___. Driller W. UJM A 7�oc..,l NC,. Date _ _ A_;,!"._. P-_ I _L- _ I _C.....:•-' .... "--1....;;1"-. 
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WALTER LUM ASSOCIATES, INC. I 303.0 WAIALAE AVENUE • HONOLULU, HAWAII 96816 • PHpNE 737-7931 

Boring Log MAKAKILO DRIVE PHASE 4 BORING NO. ,?;! Sheer No. of ----
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WALTER LUM ASSOCIATES, INC. I 3o3p WAIALAE AVENUE • HONOLULU, HAWAII 96816 • .PHONE 737·7931 

Boring Log MAKAKILO DRIVE PHASE 4 BORiNG' NO. · 4 sheer No. of ----
PROJECT_ .......... .......:..( s .... 

t_a __ .___,a1.,.,..+_ 9 _8___,to___,s_t_a_._l0_ 2_+_3_0_) __ _ Driller ·w. LUlV\ ,<\7';-0C..,lNv. 
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TABLE I /:::, "" SUMMARY OF LABORATORY TEST RESULTS --: 

BORING NO. 
SAMPLE NO. 
DEPTH BELOW SURFACE 

DESCRIPT':):ON 

GRAIN-SIZE ANALYSIS 
(% Passing) 

Sieve 
1" 
1/2" 
1/4 
/110 
1120 
li40 
11100 

. 11200 

ATTERBERG LU1ITS 
Air Dried or Natural 
Liquid Limit 
Plastic Limit 
Plasticity Index 

Dilatancy 
Toughness 
Dry Strength 

UNIFIED SOIL CLASSIFICATION 

APPARENT SPECIFIC GRAVITY 

CBR TEST 
(Surcharge-51 P.S.F.) 

Molding Moisture, % 
Molding Dry Density, F.G.F. 
Swell upon saturation, % · 
GBR at 0.1" Penetration 

MOISTURE-DENSITY RELATIONS OF SOILS 
(AASHO T-180-73I, Method_) 
Dry to Wet or W�t to Dry 
Max. Dry Density (P.G.F.) 
Optimum Moisture (%) 
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TABLE IL - SUMMARY OF L�BORATORY TEST RESULTS -

BORING NO. 
SAMPI.E NO. 
DEPTH-BELOW SURFACE 

DESCRIPTION 

GRAIN-SIZE ANALYSIS 
(% Passing) 

S_ieve 
1" 
1/2'i 
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CBR TEST 
(Surcharge'-Sl_P.S.F.) 
Molding Moisture, % 
Molding Dry Density, P.C.F� 

· Swell upon saturation, % · 
CBR at 0.1" Penetration 

MOISTURE-DENSITY RELATIONS OF SOILS 
(AASHO T-180-73I, Method ___ ) 
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Max. Dry De1:1sity (P.C.F.) 
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TABLE I C .- SUMMARY OF LABORATORY TEST RESULTS . 

BORING NO. 
SAMPLE NO. 
DEPTij BELOW SURFACE 

DeSCRIPTION 

GRAIN-SIZE ANALYSIS 
· (% Passing) 

Sieve 
1" 
1/2" 
114 
1110. 
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11100 
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Air Dried or Natural 
Liquid I,.ifuit 
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Plasticity Index 

Dilatancy 
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APPARENT SPECIFIC GRAVITY 

CBR TEST 
(Sur�harge-51 P.S.F.) 

Mplding M_pisture, % 
Molding Dry Density, P.C.F. 
Swell upon saturation, % 
GBR at 0.1" Penetration 

MOISTURE-DENSITY RELATIONS OF SOILS 
(AASHO T-JS0-73I, Method_) 
Dry to Wet .or Wet to Dry 
Max. Dry Density (P.C.F.) 
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TABLE 1J2_ - SUMMARY OF LABORATORY TEST RESULTS 

BORING NO. 
SAMPLE NO. 
DEPTH BELOW SURFACE 

DESCRIPTION 

GRAIN-SIZE ANALYSIS 
(% Passing) 
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MOISTURE-DENSITY CURVE (AASHO T-180-131, METHODh_) 
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MOISTURE-DENSITY CURVE (AASHO T-180-75I, METHOD�) 
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SAMPl,.E; NO.: (p �IAI<�Ac:e. LAY�RS: ...;;;;.;.....�.........,_ __ _ 
SAMPLE DESCRIPTION: ... RE.VO\S.\-1 ::\?QO'NN CA..A'J 'NI!RAC6-S BLOWS: £8/ LA'/EK 

' "  - · - -

-

" 

100 t:Sfo � 

qs i"c>--rl 

�0� � 

?h% '") 

10 

\ 

OF Roois 

"l-'1: RO �lR.'\/0\CiS C\tiC.'lE:, . 
�_f E,.C.i "'I c &R�-..1 \1''-/ - Z..1'q 

' r , 
I ' "" 

I I 
(( I 

I 

r rl 
� �I. 
� �I 
ll tll 
? � ' 

� 
�I 

�, 
30 20 40 

· WATER CONTENT (0/o) 

·----

50 60 

WALTER LUM ASSOCIATES, INC. , 
<21VIL, STRUCTURAL, SOILS ENGINEERS 

DATE 4.,.18-11 BY 



e 

50C 

tSO 

4-Qo 

.550 

.300 

C/) 
�1.50 
0 
<( 
0 
..J z..oo 

CBR TEST 

PROJECT• 

LOCATION• 

SAMPLE NO: \ @ ,·,�· 
SAMPLE DESCRIPTION:-� t<£'.OQ\$l-\- e>�oV\lN S\\..T--1 e-u:),'} 

r . 

. -· -- - - -

·--· -

- -- -- - -

-- - -

/ 

v 

-·-

-
---- -

v 
v 

/ 
v 

1191 

/ 

p ��@ 0. 2.'' PEN �TRA1 10�=- I 5-;)J.� 
150 / 

v· 
\00 

50 

/ 

HZ. c 
f1R €, C .I" Pf:� ETMl 0�=-

/ 
/ 

,/ I I 
fT rut. ,P:"II ..00 O.'L 

PENETRATION 
ADJU6TED COORDINATES 

0.1 
0.3 

TEST RESULTSa 
. 

(INCHES) 

MOLDING MOISTURE,_%. . _ _ _  z.�,S 
MOLDING DRY DENSI TY, P.C,F. I 03.:7 
CBR @ o.l'' PENETRATION. f?.4-

_ _  01\ '/f:J .SOt\ KED __ 4-L.----

DATE 8-3-74- BY __ --=e:..:..�---
DATE - _ 5-J-74 BY __ --=J:...:5 __ _ 

B �I 
/o;-8-4 

0.4 0 . 5 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
CINCHES) (LBSJ (PSI) 

0. 025 47... 14 . · 

0.05 0 - 100 53 
o.ci 1 5 lloO 5.3 
0.1 0 0 Z'l.l Ito 
0.1 2 6 2.81 q{o 
0.115 0 j51o IJ9 · -0.1 7 8 ·12..0 140 
0.2 00 All 1_5q 
0.25 0 l.918 2._0&; t- - 0._3 00 74� 1..48 
0.38 0 8_r;,q 2..55 

--
0.400 151 -51'2.. 
0.45 0 J Ol'3 .341 
0.5 00 1!05 5fo8 

AGGREGATE 1/4" H 1Nll2 
HAMMER WEIGHT 10 {/;� 

HAMMER DROP I 8 INS-
No. OF BLOWS 5&:J/l)..'lf::.R 
No. OF LAYERS 5 --=;:______, 

WALTER LUM ASSOCIATES, INC. 

I CIVIL, STRUCT'URAL, SOILS 
_
ENGINEERS 

_ 



CBR TEST 

PROJECTs 

LOCATIONs 
SAMPLE NO: t1 l';-IJ1<-H.\c€. 

SAMPLE DESCRIPTION: Mo\i"L.€.0 e�o'N\"-\ C.L.A'/ E.'/ $11.J 

500 

t>SO 

0 
� 
0 
...Jf/..JXJ 

ISO 

50 

-

I 

I 
0 

. . . 

v 

/ 

/ 
k' c.� R 

v 

0.1. 

-

/ 

® 

/ 
v CE 

0.\" PE 

--- - . 

0.2 

/ 
v 

R ® 

tJE-TRA· 

v 

0.1.." PE 

- .  I 
.\ON-:._ 

0.3 

P�NETRATION (INCHES) 

TEST RESULTS • . 

MOLDING MOISTURE, %. 'L ?:>.t\ 
MOLDING DRY DENSITY, P.C.F._...!..I ::::...O?=::; :...o, f>"'-­
CBR @ 0.111 PENETRATION_----'1'--"�;...:..'1� 
. DA'i6 �OAKE-D 5. 

DATE 
DATE 

'b- '2.5-14- 8 Y __ _:::G::....:G'---­

� • 'l..� -14 BY _..__....L:t-l:::wl._,__ __ 

/ 

fJE-TRA 

:r" . 10" I 

/ 
v 

IOrJ: Z! 

·- . 

p.1 

0.4 

v 

r�.s=\.5.e 

- .  . · ·- ·  

.. 
. 0.5 

CBR PENETRATION DATA 
PENETRATION 

(INCHES) 

0. 025 

o.o·5 o 

0.0 7 5 

0.100 

0.1 2 5 

0.15 0 . .  - . . 
0.1 7 5 

0.2 00 
.. 

0.25 0, 

0.300 

0;'55 0 

0.400 
. . . .. 

0;45 0 

0.5 00 

.. 

LOAD LOAD 

(LBSJ (PSI) 

l'l.O 40 
1.W 17 
��0 101 
410 lol 
500 I G:.l 
5<t:O ,e,, 
rAO 'l.13 

. 10() 1...� 
BID 1..10 
'-140 �>13 
I.DW Ul 
1140 -� · 

1'2.40 413 
I'CW 44B 

AGGREGATE Y4" M\1\.IU? 
HAMMER WEIGHT 10 L..e;t?. · 

HAMMER DROP I� ltJ�. 
No. OF BLOWS 5(;/ LA'IE;.t\ 
No. OF LAYERS__,.,!)'----

WALTER LUM ASSOCIATES, INC., 
·ciVIL, STRUCTURAL; SOILS ENGINEERS 



If) 
0.. 

0 
<· 
0 
...1 

CBR lEST 

PROJECT' 

LOCATION' 
SAMPLE NO: � su �t=J)..C.€.. 

SAMPLE DESCRIPTION' RWOI?� -eRo'NN GL�E>I Sl'--1 

AI" ..... 

400 

, e,/'\ -

'H'l'J 

'lY 

'l,... . 

1�0 

100 

"'· 
'-'l.ol 

. 

- -- -

/ 

/ 
... / 

v ·  

/ 

. .  -· · ·-·---

/ 
W .C.E 

tBR (� 0.1'' 
--

. 

-

--

. · ·-

v 
:-R @ 

P€.t.JEA 

-- · · -

--

/ 
"' 

o.rz:· P.£ 

RATtO 

01 0.11 o.; 03 

P E NETR ATION 
AD'3'JoS1E.D COOP,DI t.JATE.� 
T�$T RESUL TS• 

(INCHES) 

MOLDING MOISTURE, %. '2.4.0 
MOLDING DRY DENSITY, P.C.F. _ _..:....;:I O:;...;B;:..;'...:::�:.... 
CBR @ 0.1" PENETRATION __ _....t..l:..::.O:..... 
DA'I& C:,OA KE-D 5 

DATE � -1(.5�14 BY _ ____,b=-· 6.;::;.._; __ 

DATE _ � -tz.Ct,�]4 BY.._. _--..........:::W�l __ _ 

... --

--

/_ v 

v 
v 

. 14 �/ 
�E.�RA ION= 15::.'1.� 

�=-tolto "'1.0 

-0.4 o. 5 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LBSJ ·(PSI) 

0. 025 40 - 12> 
0.05 0 00 '2.1 
0.0 7 5 140 4-1 
0.1 0 0 ll._()Q (&.1 
0.1 2 5 1..50 55 
0.15 0 '000 100 
0.1 7 5 ?;k;() 11.0 
0.200 .. 400 ��� 
0.25 0 500 \�1 
0.300 510 1q0 
0.55 0 &,50 '2.11 
0;400 l.:D 1.42> 
0.45 0 iOOO 'l.(c 1 

0. 5 0 0 610 'lllO 
. �" AGGREGATE . _4·_ M I f,J US 

HAMMER WEIGHT I 0 Le:."S>. 
HAMMER DROP If< lf.J<;., 
No. OF BLOWS 5�/LA'lt.P .. 
No. OF LAYERS __,.5:;__,..._ 

.WALTER LUM ASSOCIATES, INC. 

I CIVIL, STRUCTURAL, SOILS ENGINEERS 



(I) 
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10-4,0 

CBR TEST 

PROJECT• 

LOCATION• 

SAMPLE NO: 32.0: sv.��AcE:: · 

SAMPLE DESCRIPTION• Ot\f<K \be<o'M� c..\..� 

too 

'eo 

lbO 

14C 

IW 

100 

60 

(90 

40 

w 

/ 

- - - - -· 

·� 
I/' 

/ 
/ 

/ 
/ 

/ 
� �CBF � c ,'/.:' PEl-

BR @l O.lH F £,fUE:..TR �TtOf.J 

-- --

0 0.1 0.2 Q3 

PENETR ATION (INCHES) 

TES1" RESULTS• 

MOLDING MOISTURE., %. 'l.';�(o 
MOLDING DRY DENSITY, P.C,F. __ I_O_.U.

:-
.
""":
3_ 

CBR @ 0.1" PENETRATION__.,......-.....-.._�=·:.....�g.__ 
DAY� -�OAKE-D 5 

DATE � -'Z.5-l4 BY GS 

DATE . ; - 'l.(.r 14 BY 
___ _ • �JL 

--

/ 

v 
v .  

-------- .. 

iP-1 
IE-TRAT! oJJ: -,1 

_o�o 

--- . . 

0.4 

�l1 

- --

v 

·o:t:: 

-

0.5 

CBR PENETRATION DATA -- -- . 

PENETRATION 

(INCHES) - -- - --
0. 02 5 
0.05 0 
0.0 7 5 
0 .100 
0.1 2 5 
0.1 II 0 
0.1 7 5 
0.2 00 
0.2 50 
0.300 
0.35 0 
0.400 
'0. 45 0 
0.5 0 0 

LOAD 

(LBSJ 

'W 
55 
�� 
I 1'1 
148 
ll1 
'l..Of> 
tz.?Z 
tzf,l 
sw 
'ij.r;(p 
401 
44o 
40\ 

LOAD 

(PSI) 

10 
�� 
'L4 
40 
4l1 
oCf 
(of.; 
11 
t\4 
,oq 
l'l'l. 
IM 
1% 
I(� 

AGGREGATE �.'' MI�U6 
HAMMER WEIGHT I 0 Le-t;., 

. HAMMER DROP If) IN�. 
No. OF BLOWS _ 

F.J.t,/ LA'ilF 
No. OF LAYERS __;5=..-_ 

WALTER LUM ASSOCIATES, INC. 

I CIVIL, ST'iiUCTURAL, SOILS ENGINEERS 



-

10-4'10 

IOOo 

CBR TEST 

PROJECT1. 

LOCATION1 MA KAKI \...0 1 12-'N f::>.. _1 0/::>.1-\ U 1 � P...'NAI I 
. ) 

SAMPLE NO: . 4 S\ARF�C-E,. 
SAMPLE DESCRIPTION: RI:..OOISI-\- B'Zo\NN C-Lb\jS?f Sll-J 

/ 900 

/ 
/ 

BOO 

100 

(si)O 

;n· 
�500 
0 
< 
0 
...J400 

:;,oo 

200 

100 

/ 
/ /' --- �1? � �0.1 "PEN� 

/ 

v 
/ 

/w R<r.:o.1· ��---�� TI<A\l ON�� 

I 
I 

I 

I I I 
· · ---I 0 -I 0.1 , , Q2 Q3 

P E NETRATION (INCHES) 
1\DJUS\E:D COOR.D\NI\"TE.S 
TEST RESULTSa 

MOLDING MOISTURE, %. 'L'2..1 
MOLDING DRY DENSITY, P.C.F:_\0 _8_ . ...,;.9 _ _ 
CBR @ 0.111 PENETRATION �4.0 ------,"---,--------,...., 

DAY-s SOAICED 4 

DATE 

DATE 

___,S,._·��-·i.u�..,.._ _ _ BY --'S=fY\::....· ,__· __ _ 

���- 4�·-��_BY _�j���------

v 

TRAil( 

- . .  -· 

%4-.0 

I::.C:CC: 

)�:7t 

0.4 

s :..$7.0 

---

0.5 

CBR PENETRATION DATA 

PENETRATION 
(INCHES) 
0. 02 5 

- - ·  ----
0.05 0 

0.0 7 5 

0.1 0 0 

0.1 2 5 --- . ---
0. 1 5  0 

0.1 7 5 

0.200 

0.2.15 0 

0.3 ci 0 -- --
0.'311 0 

0 .. 400 -- ---
0.45 0 

0.5 00 

--

LOAD LOAD 
(LBSJ (PSI) 
1qo &>3 

4-30 14� 
71..0 140 
qso .517 
I ISO .583 
1510 431 
1470 -¥10 
liPID 5.j] 
1550 lv/7 
2.010 hqO 
1..1-70 757 
t44D 813 
ZwiO 6(0 
l"lBO q2.1 

.AGGREGATE 1/4" �11NU? 
HAMMI;:R WEIGHT 10 L.£0 . 
HAMMER DROP 18 lt--.lJ. 
No. OF BLOWS '?lD/LAJEf< 
No. OF LAYERS----'5-

-
__ 

WALTER LUM ASSOCIATES, INC. , 
C_IVIL, STRUCTURAL, SOILS ENGINEERS 



0 
ct 
0 

... 

wo 

CBR TEST 

PROJECT a 

LOCATION a 

SAMPLE NO= 0 sv.���c� 
SAMPLE· DESCRIPTION= MO\it.W e�ZD�� Sll.-1'1 vLP-'-f . 

iNI\�7 oy- QE.Wtv\f' . . l<o� 

.. 

· --· ·· - . .. 

- .  

/ 
. . 

v 
v . 

. .. / 

v 
v 

/ 

v 

/c EJK @ o.1:.· r rsu£\P A1101-.1- ltl�5=13 
,..f ...J 1.00 

\&0 

100 

50 

/ 

./ 
Y" 

/. -·- - - --

/ 
v 

iC�R � 0.1" rBIJE.TF ATIOP-J 

-Qio 
. 

-tMjo.1 �0/l. 
·. 

Q3 

PENETR ATION 
. AD:YUSTE-D COCP.DI"-lATE-6 . 
TEST RESUL TSa 

(INCHES) 

MOLDING MOISTURE, %. 'l.&.& 
MOLDING DRY DENSITY, P.C.F. _ __,t\=6�.4...__ 
CBR @ 0.111 PENETRATION Cl.6 

,....---------"�-

.-DA'/6 �OA\'.E..D 5 

.DATE �-'l..S-14 BY &G 

· DATE . 'b· '2.;(r14. BY .... . ..... _ tJL 

�qe;,o F Cl. 't'J · -· 

0.4 

- --· -- ·- . 

0. 5 

CBR PENET-RATION DATA 

PENETRATION 

- ·  

Clt4CHES) 
0. 025 

0.05 0 -. . 

0.07 5 

0.100 

0.1 2 6 

0.16 0 . -
0.1 7 6 

0.200 

0.26 0 

0.300 

0.56 0 

0.400 

'0.45 0 

0.5 0 D 

LOAD LOAD 
(LBSJ (PSI) 

50 11 
I'Z.O 40 

fl.f)O Col 
'LlO qo 
�0 111 
4W 14-� 
500 IG,1 
510 ltlO 
lAO 'l20 
100 w 
M 'l.�l 
C\W �Ll 

IO'lO � 
lotiO �&?> 

AGGREGATE V4" MI"JUG 
HAMMER WEIGHT'IQ LP.h. 
HAMMER DROP I� UJ�. 

No. OF BLOWS f:J.p/LA'(bR 
No. OF LAYERS 5 ___.::; __ 

WALTER LUM ASSOCIATES, INC. 

I CiviL; STRUC!UR,l; SOILS ENGINEERS 



1"!-!:"1(\ 

CBR TEST 

PROJECT= 

LOCATION: t-1\AKAK\LO. �""��I OAI-\U I ��V\IP..IJ 
SAMPLE NO: ro t;UR�t\cE. 
SAMPLE DESCRIPTION:__ RSODIS� -BQ.O�N C:..LA'/ �!TRACES Of �O:JIS 

0 
< 
0 

400 

r--

--

-

---

--- --

/ 
..J 1/..0 / 0 

�CI R ® '),1:' F'GP 
_ / 0 - --
v I� 

/ t,�R ® OJ' �llt TRATIC 
v loO 

/ 

/ 
v 

- -- ---
-slo- &.+I 0.1 &2lo.'L 

0.3 
PENETRATION (INCHES) 

AC:!\J<Sitb. C.OOP.DIWAT� 
TEST RESULTSa 

MOLDING MOISTURE, %. _ _  t2..l.5 
MOLDING DRY DENSITY, P.O. F. JD'l. I . 
CBR @ o.l'' PENETRATION -\0.0 
DA'i� 60AKSD 4 

DATE �-� 'l.?-J�- BY - __ ML_ 
DATE �-1..5-14 BY l.\1 

� 

I�TRA"' 

J-.1 � 100;, 

/ 
- -

10�1;1� 

b� 10;( 

0.4 

./' .. 

s_:=- Vl.S 

0. 5 

CE;IR PENETRATION DATA ---
PENETRATION 

(INCHES) 
0. 025 

0.05 0 

0.0 7 5 -- -. 
0.100 

o_,l 2 5 

0.15 0 

0.1 7 5 - --- . ---
0.200 

0.25 0 
· - - -- -

0.300 

0.35 0 

-

--
0.400 

'0. 45 0 --
0.5 0 0 

LOAD L'OAD 
(LBSJ (PSI) 
40 I� 

110 �1 
\eD (;0 

'2.10 �0 
640 liB 
410 \�1 
410 151 
5�0 111 
biO W'b 
lolO 'L'L?; 
150 'l50 
�1.0 'll!:> 
sw 1.tlo 
Cl�O �lb 

AGGREGATE V4'' k\11\.lU? 
HAM�ER WEIGHT 10 l.JOC.;-, 

- HAMMER DROP lp Ill�. 
No. OF l;lt.;OWS f:/.s:/L,A'-1�-R 
No. OF LAYERS___,O�-

WALTER LUM ASSOCIATES, INC. , 
CIVIL,. STRUCTURAL, SOILS ENG_INEERS 
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)0()0 

qoo 

800 

(00 

lsiJO 
(j) �500 

·e 
0 
<( 
0 .J40o 

.%0 

wo 

100 

10-4?0 

CBR .TEST 

PROJECT: . 

LOCATION I MP,K,e,_KI LO i .:·E;�t:>.. I :.�A��' 'Ht>..W�Il 

SAMPLE NO: 1 t;uR�t-.�e , 
SAMPLE DESCRIPTION: R'G-00\S\-\ - BRPV·-!N C.L.b-'J'G'/_ S't-1 

. -

... . --

. 

-- -- -

-----

. - ·· -· --- /� 

- -

. .. ..,.., 

,f [£:;;@ 

,/ 
I 

V' -

-- . 

� 
�I 

bt''ft. 

� 
IJETRA 

.. -- -

� 

O. 2.'' PE 

rON= 

0 0.1 0.2 0.3 

PENETRATION (INCHES) 

TEST RESULTS• 

MOLDING MOISTURE, %. 20. I 

MOLDING DRY DENSITY, P.C. F._I_I_I_. _z. __ CBR@ 0.1" PENETRATION·. -----

DAYS SOAKC::D f 

DATE 

DATE 
5-3-74- BY __ ���-�-1�--
S-4-7 4 BY ____ _.,- ,::::::J'-"=5'-'-·-� ...,.......--. 

/ 
� 

�8RA 1 · 42 
O'J: � It? :".£8'1 

3��o� 31.0 

-- ----

0.4 0.5 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 

(INCHES) (LBSJ (PSI) 

0. 025 2.60 83; 
6.0 50 loOO z.oo 
0.0 7 5 BOO 2..ll>1 

0.1 0 0 q 2.0 301 
0.1 2 6 1040 541 
0 .  I 6 0 II 'l 0 Yl� 
0.1 7 6 11 qo Y17 
0.2 00 11.3D 4�0 

- 0.? 50 11.50 410 
o·.aoo H-70 4qo 
0.35 0 1510 ,530 
o. 4 0 () II'LD 575 
'0. 4 5 0 18SO u,n 

--

0.5 0 0 ICJ50 (pSO 
AGGREGATE l/4'' MINU,? 
HAMMER WEIGHT I 0 LB5 
HAMMER DROP .18 I t-.I,S 
No. OF BLOWS 50/LA'/fr? 
No. OF LAYERS S 

..,....,..:,.,,.,....,---.,...,..--

WALTER LUM ASSOCIATES, INC• 
I 

. 
CIVIL; STRUCTURAL, SOILS ENGfNEERS _ 
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�·�A 

'velA; .... 4� < ,, "E 'Wl:At c; .. ··t�. r 
$4�E"� • 0"# 

.,,� 

f, )(. P .• !: '4• + o/• . 
Ov� ��-- . ', . c�" :. �. � .e'x'sr.�'4x - - - .� '--., 

Note-·: 

'"' "vs. ........ 2 ,, Gj }"4 't hf -4. <; "Y E-�� I 4. 'rcty '(� O.s- ,, AIr I �'GJv "ro 
p4� G���t) 

•, 

f' e�.-o P:.DJ\)SiMetJr" ro Tl4f; 1\.�c.oMM�!'olOf:'o 
f'Avf.M�NT TMI C.l(."-1 �')<, M��/ �� MAtte WritR. 
t7e-toMir.o.Se::.c:' �o(J K ol'<. r..o"" �� eMC.oLltJt��ep 
A�ov� tttt R.ec.Qt-AM��ue-o .;u�Otl\�l?e . 

Ti-1£: J;out..&\?A,�I(.;� roR..· Tt\e< Plf-F-el\,thlT f>A'(t;;M�to!T 
Trll«;.t<NE;�S I� p r-J I.. 't AN Ari'I\O�IMA1'10� . 
AOJ�$TM�t4t� . .  1Hio..UI. I1 be MAt>f;' IN TH� f1e1.-.� 
WH�� T:.� tiif\.�t:�tN-4\ 1s k£:.A,fC.. nH: -s�.h� .. ��A��. 
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�i 

.J' �0\\.:! . .S(-� 

��� 

/IJ E-J.\j p A Ye�E:IIJT 2·· A.c. G;" 8 

0.1 ; .. 1. 8 

,.. ., A s � co u � s ' 
..., sue a .... 4secou��e-

Ove;� c '--' )' Oy t x'sri'J <;, . 

� e:-xP. 
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